EL839725872US 



Docket No. SUN-P5696 



UNITED STATES PATENT APPLICATION 

FOR 

A SYSTEM AND METHOD FOR BUILDING LIBRARIES AND GROUPS OF 

COMPUTER PROGRAMS 

INVENTORS: 

m Jon J. Week, a citizen of the United States of America 

5 ASSIGNED TO: 

g Sun Microsystems, Inc., a Delaware Corporation 

PREPARED BY: 

THELEN REID & PRIEST LLP 
P.O. BOX 640640 
SAN JOSE, CA 95164-0640 
TELEPHONE: (408)292-5800 
FAX: (408)287-8040 

Attorney Docket Number: SUN-P5696 
Client Docket Number: P5696 



1 



EL839725872US 



Docket No. SUN-P5696 



SPECIFICATION 

TITLE OF INVENTION 
METHOD AND SYSTEM FOR BUILDING LIBRARIES AND GROUPS OF 

COMPUTER PROGRAMS 

FIELD OF THE INVENTION 
[0001] The present invention relates to the field of developing computer programs. 
More particularly, the present invention relates to a method and system for building a 
group of computer programs. 

BACKGROUND OF THE INVENTION 
[0002] Under a computer software development environment, a developer may create 
various types of computer programs, such as an executable, a routine, a module, a Fortran 
application, a complex application, and a user makefile application, etc. Such computer 
programs may be a set of programs or routines to be linked and combined into a larger 
program or application. A computer program to be built, which is referred to as a target 
program, depends upon various environmental factors, such as the type and version of the 
operating system and the CPU architecture of a target computer on which the program 
will be run or executed. 

[0003] A typical software development system includes a plurality of computers 
(build machines, servers, hosts, and the like) which are networked into a computer 
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system. Such a software development system may have a "make" utility to compile a 
program made up of several independent software modules. For example, using such a 
make utility, subprograms, files and/or libraries are compiled and linked together to 
create an application. Different parts of an application may be built concurrently in the 
development system by distributing build processes over several computers or build 
machines. 

[0004] Since each build machine may have a different configuration, different 
operating system, or different software installed thereon, the software developer must 
select an appropriate machine which is capable of building the desired program or 
programs. 

[0005] When a developer builds a program using such a software development 
system, the developer typically logs on to each build machine/computer through a host 
computer on the network so as to determine which machine(s) may be used for building 
the target program. However, it is quite time consuming and error prone to manually 
log on to each build machine and record its environmental statistics before attempting to 
build a target program on that build machine. Accordingly, it would be desirable to 
automate the process and to speed the process of developing software and thereby reduce 
the errors experienced in such efforts. 
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BRIEF DESCRIPTION OF THE INVENTION 
[0006] A method and system builds a group of computer programs selected from at 
least one group of computer programs on a selected computer of a plurality of computers. 
Each group of computer programs has a set of specific environmental requirements in 
which the group of computer programs is to be compiled and executed, and each of the 
plurality of computers has at least one environmental characteristic. The method and 
system include displaying a list of at least one group of computer programs so as to allow 
a user to select a group to be built, displaying a list of a plurality of computers, receiving 
a user's selection of a group of computer programs from the at least one group, 
determining each computer capable of building the selected group of programs based on 
the at least one environmental characteristic, indicating the capable computers, and 
designating a capable computer in response to the user's selection of a computer from the 
list of computers. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] The accompanying drawings, which are incorporated into and constitute a part 
of this specification, illustrate one or more embodiments of the present invention and, 
together with the detailed description, serve to explain the principles and implementations 
of the invention. 

[0008] In the drawings: 

[0009] FIG. 1 is a block diagram schematically illustrating a tool for building a 
selected group of computer programs on a selected computer of a computer software 
developing system, in accordance with an embodiment of the present invention. 

[0010] FIG. 2 is a block diagram schematically illustrating the tool for building a 
selected group of computer programs on a selected computer in accordance with an 
embodiment of the present invention. 

[0011] FIGS. 3-5 are diagrams illustrating an example of a graphical user interface 
(GUI) representation of a software tool for assistance in building a selected group of 
computer programs in accordance with an embodiment of the present invention. 

[0012] FIG. 6 is a process flow diagram schematically illustrating a method for 
building a selected group of computer programs on a selected computer in accordance 
with an embodiment of the present invention. 
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DETAILED DESCRIPTION 
[0013] Embodiments of the present invention are described herein in the context of a 
system and method for building libraries and groups of computer programs. Those of 
ordinary skill in the art will realize that the following detailed description of the present 
invention is illustrative only and is not intended to be in any way limiting. Other 
embodiments of the present invention will readily suggest themselves to such skilled 
persons having the benefit of this disclosure. Reference will now be made in detail to 
implementations of the present invention as illustrated in the accompanying drawings. 
The same reference indicators will be used throughout the drawings and the following 
detailed description to refer to the same or like parts. 

[0014] In the interest of clarity, not all of the routine features of the implementations 
described herein are shown and described. It will, of course, be appreciated that in the 
development of any such actual implementation, numerous implementation-specific 
decisions must be made in order to achieve the developer's specific goals, such as 
compliance with application- and business-related constraints, and that these specific 
goals will vary from one implementation to another and from one developer to another. 
Moreover, it will be appreciated that such a development effort might be complex and 
time-consuming, but would nevertheless be a routine undertaking of engineering for 
those of ordinary skill in the art having the benefit of this disclosure. 
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[0015] In accordance with the present invention, the components, process steps, 
and/or data structures may be implemented using various types of operating systems, 
computing platforms, computer programs, and/or general purpose machines. 

[0016] FIG. 1 schematically illustrates a tool 10 for building a selected group of 
computer programs on a selected computer in accordance with an embodiment of the 
present invention. The tool 10 is implemented in a computer system 20 for developing 
computer software, which includes a plurality of computers (build machines) 12 and a 
host computer 14. In the computer system 20, the build machines 12 and host computer 
14 are networked so that they may communicate with one another. The host computer 14 
serves as a user interface through which a software developer uses build machines 12 in 
the computer system 20. 

[0017] The computer system 20 is capable of building various types of computer 
programs. Each of the build machines 12 is associated with at least one environmental 
characteristic, such as the number of CPUs, CPU architecture, a bus width, a version and 
type of an operating system, and an average load factor of the computer. These 
environmental characteristics correspond to that of a target machine or the environment 
under which the target program is to be executed. A software developer can select one of 
the build machines 12 to build his/her desired computer programs. 

[0018] For an illustrative purpose, the tool 10 and the computer system 20 are 
described with respect to libraries as an example of the groups of computer programs. In 
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general, a library is a collection of programs or data files. In a software development 
environment, a library is a set of software routines which are linked into a program when 
it is compiled. A library may be statically linked (archived) or dynamically linked 
(shared) during the execution of the program. However, the present invention is not 
limited to building libraries but equally applicable to other computer programs and 
groups of computer programs the creation of which is dependent upon environmental 
characteristics of a target computer. 



[0019] It should be noted that although a typical example of a group of computer 
programs may be a library, "a group of computer programs" can be at any level of 
computer software, since a computer program itself may be an executable, a routine, a 
module, a Fortran application, a complex application, or a user makefile application, as 
described above. Thus, a group of computer programs may be a computer program that 
includes a plurality of subprograms or modules, may be a subprogram that includes a 
plurality of modules or executables, or may be an application. 

[0020] As shown in FIG. 1 , the system 20 is capable of building various types of 
libraries 16. A type of library may depend upon a number of CPUs and CPU architecture 
for which the library is built, parallelizing (threading) method used by the computer, 
static (archived) or dynamic (shared) link type, a bus width, a type and version of the 
operating system, and the like. The system 20 typically has a "make" utility and may 
also be capable of offering various build options 18 to the software developer, such as 
"build" libraries, "test" and "check" libraries, and "remove" prior versions of programs if 
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any. Results of such tests or execution of a build process may be sent to the user in a 
conventional manner. 



[0021] FIG. 2 schematically illustrates the tool 10 in more detail. As shown in FIG. 

2, the tool 10 includes a display interface 22, a group selector 24, a computer determiner 
26; a computer indicator 28, and a computer selector 30. The tool 10 may also include an 
option determiner 32 and an option indicator 34. The tool 10 may further include a build 
controller 36 for executing build processes. 

[0022] The display interface 22 allows a user to make a selection of a build machine 
or build option from the display screen of the host computer 14. The display interface 22 
is in a form of a graphical user interface (GUI) in one specific embodiment of the present 
invention. 

[0023] FIG. 3 illustrates an example of GUI representation 40 by the display interface 
22 typically shown on the display screen of the host computer 14. As illustrated in FIG. 

3, the GUI representation 40 includes a list of libraries 42 and a list of build machines 44. 
The list 42 shows various types of libraries that can be built using the system 20. In the 
list 42, each library is labeled with a set of specific environmental requirements in which 
the library is to be compiled and executed. Such a set may include one or more of 
environmental requirements such as a number of CPUs, CPU architecture for which the 
library is built, method of parallelizing/threading, link type of library (static or dynamic), 
a bus width, a type and version of the operating system, and the like. In the list 44, a 
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plurality of build machines or computers are shown with at least one environmental 
characteristic, such as the number of CPUs and/or system load. 



[0024] As shown in FIG. 3, the GUI representation 40 may also include a list of build 
options 46. The list 46 shows various build and test options available in the system 20. 
The build options on the list 46 may include building, testing, and/or checking a library, 
removing existing component computer programs and/or files from an location assigned 
to a selected library, and whether to and where to log a result of executing a selected 
build option. The user may also have an option to manually build a library through 
command line interface. 

[0025] Referring back to FIG. 2, the group selector 24 selects a group of computer 
programs, i.e., a library, among the various types of libraries in accordance with the 
user's selection from the list 42. 

[0026] The computer determiner 26 determines each computer 12 capable of building 
the selected library based on at least one environmental characteristic of the computer 12. 
For example, the computer determiner 26 retrieves information on environmental 
characteristics of computers 12, compares it with the environmental requirements of the 
selected library, and in response determines which computers 12 are capable of the build. 
The computer determiner 26 may make a query to the computers 12 to obtain the 
environmental characteristic, and/or maintain a file containing environmental 
characteristics of the computers 12. Such a file may be updated when configuration of 
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one or more computers 12 is changed, one or more computers are added or removed from 
the system 20, or when requested by the user. 



[0027] The computer indicator 28 indicates each capable computer 12 on the list 44, 
allowing the user to select a computer from among the indicated computers. The 
computer indicator 28 may, for example, highlight the capable computers on the list 44 or 
"gray out" those not capable as shown in FIG. 4. "Highlighting" may be the use of 
underlining, a bold type, a different color, or any other means to make the entries on the 
list 44 conspicuous or look different from others. The computer selector 30, in response 
to the user's selection of a capable computer from the list 44, implements that selection 
by designating the corresponding capable computer in the system. 

[0028] According to an embodiment of the present invention, the tool 10 may include 
the option determiner 32 and the option indicator 34. The option determiner 32, in 
response to the user's selection of a capable computer, determines available build options 
for the selected computer. The option indicator 34 indicates the available build options 
on the list 46. Such indication may, for example, include highlighting the available 
options on the list 46, as shown in FIG. 4, where specific tests are indicated according the 
number of the CPUs. 

[0029] The option determiner 32 may further determine available processes for a 
selected build option, and the option indicator 34 may then display a list of the available 
processes on the display screen. For example, as shown in FIG. 5, when a user selects 
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Build/Test/Check option, a list of various test processes 48 available for that option may 
be displayed. 



[0030] The tool 10 may further include the build controller 36. The build controller 
36 executes a build process for the selected library using the selected computer in 
accordance with the selected build option. The build controller 36 may output a result of 
executing the build process or test when such an option is selected. 

[0031] FIG. 6 schematically illustrates a method for building a group of computer 
programs selected from at least one group on a computer selected from a plurality of 
computers in accordance with an embodiment of the present invention. The method may 
be performed using a computer network system for developing computer software, such 
as the system 20 described above (FIG. 1), having a plurality of build machines 
(computers) 12 and a host computer 14 serving as a user interface. The computer 
network system is capable of building various types of computer programs and groups of 
computer programs, such as libraries. 

[0032] As described above, each group of computer programs, such as a library, has a 
set of specific environmental requirements in which the group of computer programs is to 
be compiled and executed, and each computer (build machine) in the computer system is 
associated at least one environmental characteristic. In the following description, 
libraries are used as an example of groups of computer programs. However, the present 
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invention is not limited to this example, and is equally applicable to the building of other 
computer programs which depend on environmental characteristics, as mentioned above. 



[0033] As shown in FIG. 6, a list of a plurality of libraries (groups of computer 
programs) is displayed so as to allow a user to select a library to be built (100). For 
example, referring to FIG. 5, such a list 42 is displayed as a "Build" column, in which 
various types of libraries are listed with corresponding buttons. Each entry of the list 42 
specifically refers to a particular library labeled with CPU architecture (V8, V8PLUS, 
V8PLUSB, V9, or V9B), ways of parallelizing/threading the code (DSSMT, or MT), and 
the type of the library (STATIC or SHARED). Here, the MT libraries are compiler 
parallelized, while the DSSMT libraries are hand threaded, and "STATIC" denotes an 
archived library, while "SHARED" denotes a dynamic library. 

[0034] Referring back to FIG. 6, a user selects an library to be built from the list of 
libraries, for example, by clicking the corresponding button (102). In response to the 
user's selection, the corresponding library is selected (104). 

[0035] A list of a plurality of computers is also displayed on the screen (106). For 
example, as shown in FIG. 3, such a list 44 is displayed as a "Machine" column, where 
computers used for building libraries are referenced. The first part of each entry 
represents the machine's name. The second part within parentheses represents the 
number of CPUs within the computer. The third part represents the "load average" of 
that machine. The load average is a way of determining how much work the CPUs are 
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doing. For example, the first entry (with a marked button) of the list 44 refers to a 
computer named "yellowlab" having 8 CPUs, and the load average of the CPUs is 0.26. 



[0036] Returning to FIG. 6, each computer capable of building the selected library is 
determined based on at least one environmental characteristic (108). The capable 
machines/computers are determined by checking machine statistics such as their CPU 
architectures and operating system versions, including a bus width (e.g., 32 bit or 64 bit). 

[0037] Such statistics can be obtained by making a query or by checking system 
properties of each computer. The statistics can also be read from a file that contains the 
information. For example, the CPU architecture may be obtained by checking system 
configuration information, including type of the CPU(s), clock frequency, memory size, 
etc. Reading from the file is usually quicker than making a query to each computer. 
Information of the machine statistics can be updated by querying the network to check for 
new machines, or querying specified machines listed in a file. 

[0038] The determined capable computers are indicated on the list of the computers 
in the display screen (110), so as to allow the user to select a capable computer from the 
list. That is, the capabilities and resources of the system are visualized to the user 
depending on the circumstances selected by the user. For example, as shown in FIG. 4, 
when a library " V8PLUSB_MT_STATIC M (with a marked button) is selected from the 
list 42, certain computers are no longer highlighted in the list 44. This clarifies to the 
user that only the highlighted machines are capable of building and testing the selected 
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library. That is, since each library is dependent upon a particular CPU architecture, the 
only computers which have matching CPU architecture are highlighted. 



[0039] When the user selects one of the highlighted computers from the list (112) 
(Fig. 6), the corresponding computer of the system is designated accordingly (114). 

[0040] A list of user-selectable options such as build options is also displayed (116) 
so as to allow the user to select a build option according to the selected library and 
computer. For example, as shown in FIG. 3, such a list 46 is displayed as a column under 
the title "Options," which specifies (a) options for how the user prefers to build the 
library, (b) how many CPUs the user would like to test with, and (c) whether or not the 
user prefers to have all output logged. 

[0041] The "Commandjine" button is used to bring up a terminal (window) which 
will then be set up to run the chosen library (from "Build" list) on the chosen computer 
(from "Machine" list). In this case, the rest of the build process is left up to the user. 

[0042] The "Build/Test/Check" button is used to bring up a terminal which will then 
be set up to run the selected library on the selected computer. Under this option, the 
library chosen is built to completion, the tests are run to check the validity of the built 
library, and finally the results of the tests and build are checked and the output status is 
sent to the user. 
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[0043] The "Build_library" button is used to bring up a terminal which will then be 
set up to run the chosen library on the chosen computer. This option builds the chosen 
library without building or running tests. 

[0044] The n Build_all" button is used to bring up a terminal which will then be set up 
to run the chosen library on the chosen computer. This option builds the chosen library 
and the tests required to test the library, without running the tests. 

[0045] The "RemoveJBuild" button is used to bring up a terminal which will then be 
set up to run the chosen library on the chosen computer. This selection removes all of the 
files that were created from a previous build of the selected library. That is, the 
"Remove_build" option sets up the environmental variables etc. and removes the object 
files/executables/libraries in the predetermined location specified in the system. 

[0046] The following options which begin with the words "Test for" allow the user to 
chose the degree of parallelism (threading) for which to test the library. For example, if 
the user chooses "Test for 1 through 2 CPU(s)," as shown in FIG. 4, the tests ran against 
the library first with PARALLEL set to 1, then PARALLEL set to 2. 

[0047] In addition, the following options may also be displayed. The "Log output" 
buttons allow the user the choice to have all of the building/testing output saved to a log 
file. Furthermore, as shown in the bottom of the screen, other buttons may be displayed 
to allow the user to issue other commands. The "Exit" button quits the GUI 
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representation. The "Giddyup!" button starts the jobs selected. The "Update" button 
refreshes the "Machine" buttons, for example, the load averages are reprocessed, as these 
will change with the computer's workload. 

[0048] Referring to FIG. 6, when an library and a capable computer are selected 
(118), only some of the build options are available to that selection. Thus, such available 
build options for the selected computer are determined (120), and the determined 
available build options are indicated on the list of build options (122). 

[0049] For example, as shown in FIG. 4, when a library "V8PLUSB_MT_STATI" 
and a machine "puddytat(2)0.00" are selected, only some of the "Test for" buttons are 
highlighted in the list 46 according to the number of CPUs that the selected machine has 
available. The highlighting of entries/buttons within each list clarifies to the user the 
possible configurations available. This overrides the possibility of human error and 
grants the user the ability to build and test a library without knowing the configuration of 
each computer. 

[0050] In addition, as shown in FIG. 6, in response to the user's selection (124), 
available build processes may be further determined for a selected build option and 
displayed as a list of the available processes (126). For example, as shown in FIG. 5, the 
functionality available when the user selects the "Build/Test/Check" button may be 
displayed. When the "Build/Test/Check" option is selected, a window (a list of test 
options) 48 appears that allows the user to run all library tests, or select a desired set of 
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tests. In this example shown in FIG.5, the user has selected to "run ALL tests" as the 
corresponding button is marked. 



[0051] Referring to FIG. 6, in response to the user's selection (128) of build option 
and/or process, the selected build option and/or process is executed for the selected 
library using the selected computer (130). As described above, such execution may be 
started by clicking a corresponding button (such as "Giddyup!" in FIG. 5) on the user 
display screen. In addition, when such an option is selected, the result of the execution 
may be output or saved in a file (132). 

[0052] While embodiments and applications of this invention have been shown and 
described, it would be apparent to those skilled in the art having the benefit of this 
disclosure that many more modifications than mentioned above are possible without 
departing from the inventive concepts herein. The invention, therefore, is not to be 
restricted except in the spirit of the appended claims. 
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